Abstract The omega-3 fatty acid docosahexaenoic acid (DHA) has potent anti-atherogenic properties but its mechanisms of action at the vascular level remain poorly explored. Knowing the broad range of molecular targets of omega-3 fatty acids, microarray analysis was used to openmindedly evaluate the effects of DHA on aorta gene expression in LDLR -/-mice and better understand its local anti-atherogenic action. Mice were fed an atherogenic diet and received daily oral gavages with oils rich in oleic acid or DHA. Bioinformatics analysis of microarray data first identified inflammation and innate immunity as processes the most affected by DHA supplementation within aorta. More precisely, several down-regulated genes were associated with the inflammatory functions of macrophages (e.g., CCL5 and CCR7), cell movement (e.g., ICAM-2, SELP, and PECAM-1), and the major histocompatibility complex (e.g., HLA-DQA1 and HLA-DRB1). Interestingly, several genes were identified as specific biomarkers of macrophage polarization, and their changes suggested a preferential orientation toward a M2 reparative phenotype. This observation was supported by the upstream regulator analysis highlighting the involvement of three main regulators of macrophage polarization, namely PPARc (z-score = 2.367, p = 1.50 9 10 -13 ), INFc (z-score = -2.797, p = 2.81 9 10 -14 ), and NFjB (z-score = 2.360, p = 6.32 9 10 -9 ). Moreover, immunohistological analysis of aortic root revealed an increased abundance of Arg1 (?111 %, p = 0.01), a specific biomarker of M2 macrophage. The present study showed for the first time that DHA supplementation during atherogenesis is associated with protective modulation of inflammation and innate immunity pathways within aorta putatively through the orientation of plaque macrophages toward a M2 reparative phenotype.
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Introduction
Long-chain omega-3 polyunsaturated fatty acids (LC-x3PUFAs), namely eicosapentaenoic and docosahexaenoic acids (EPA and DHA), have recognized antiatherogenic properties (De Caterina and Zampolli 2006) . These have been mainly attributed to their hypolipidemic effect but several lines of evidence show that LCx3PUFAs can reduce atherosclerosis independently of the systemic risk factors, suggesting direct anti-atherogenic action of LC-x3PUFAs at the vascular level (Ishikado et al. 2013 ). However, the cellular and molecular targets of LC-x3PUFAs within blood vessels remain largely unexplored. In fact, investigations of the vascular effects of LC-x3PUFAs have so far exclusively used targeted approaches providing a partial view of their spectrum of action. Indeed, several in vivo and in vitro studies in other tissues have shown that LC-x3PUFAs have a very large panel of cellular and molecular targets leading to the modulation of the expression of many genes (Knoch et al. 2009; Gladine et al. 2012; Jump et al. 2012) . It is well recognized that atherosclerotic plaque initiation and progression are strongly dependent on the recruitment and activity of innate immune cells, such as monocytes/macrophages, dendritic cells, and mast cells. More recently, monocytes/macrophages came to the forefront of research owing to new awareness that they may represent a more heterogeneous and phenotypically plastic population than initially believed. Indeed, macrophages are now described as a heterogeneous population of cells showing adaption capacity in response to a variety of microenvironmental signals, and their phenotypic polarization is believed to play a key role in the fate of atherosclerotic plaques (Shalhoub et al. 2011) . Actually, recent evidence suggests that various stages of atherogenesis are associated with distinct macrophage subtypes (Pello et al. 2011) . These mainly include the classically activated (M1) macrophages, abundant in advanced lesion and exhibiting potent inflammatory properties, and the alternatively activated (M2) population involved in the early stages of atherogenesis and having reparative properties (KhallouLaschet et al. 2010 ).
Despite their well-known anti-inflammatory properties (Calder 2012) , the ability of LC-x3PUFAs to favorably modulate macrophage polarization within aortic lesion has never been examined. Nevertheless, a recent study showed an increased expression of M2 biomarkers within adipose tissue macrophages of DHA-supplemented mice supporting this hypothesis (Titos et al. 2011) .
The main objective of the present study was to identify the molecular targets of DHA at the aortic level to better understand its anti-atherosclerotic actions. To address this question, an intervention study with DHA was conducted in atherosclerosis-prone LDLR -/-mice and microarray analysis was performed on aorta. This untargeted in vivo experiment allowed integrating direct and indirect effects of DHA and/or its bioactive metabolites. Bioinformatics analysis including functional enrichment, canonical pathway, and upstream regulator analyses helped interpreting gene expression data. This was completed by immunohistochemical analysis to investigate more thoroughly the impact of DHA on aortic lesion macrophages infiltration and polarization.
Materials and methods
Mice, diets, and study outline
The aim of the present experiment was to investigate the anti-atherogenic effects of DHA at the vascular level. Since wild-type mice do no develop atherosclerosis (regardless of strains or diets), no wild-type control mice were included in the study and LDLR -/-mice were chosen. In this animal model, atherogenesis is induced by nutritional intervention and lesions are very similar to humans (Ishibashi et al. 1994) . The mice were purchased from Jackson Laboratories (Charles River Laboratories, L'Arbresle, France), housed 10 per cage, in a temperature-controlled environment (22 ± 0.8°C) with a 12-h light-dark cycle, and allowed free access to food and water. At 8 weeks of age, mice were given a diet enriched in animal fat (10 % of lard) and low in cholesterol (0.045 %, Sigma-Aldrich C75209), and were randomized into two different groups (n = 8/group) on the basis of body weight. In parallel to the diet, mice received by daily oral gavages (50 lL, 5 days/week) either oleic acid-rich sunflower oil (Lesieur, Asnières-sur-Seine, France; control group) or a mixture of oleic acid-rich sunflower oil and DHA-rich tuna oil (OMEGAVIE Ò DHA 90 TG, Polaris Nutritional Lipids, France, containing 90 % of DHA as TG) providing 2 % (or 35.5 mg/d/mouse) of energy as DHA (DHA group). After 20 weeks of feeding, mice were anaesthetized (40 mg pentobarbital/kg body weight). After rapid washing with sterilized PBS, heart and aorta samples were immediately frozen into liquid nitrogen and stored at -80°C until further analyses.
Microarray analysis
The entire aorta (i.e., thoracic and abdominal sections) was used for RNA extraction. RNA was extracted using the RNeasy Plus Micro Kit (Qiagen, Hilden, Germany) according to the manufacturer's instructions. Purity and yield of RNA was assessed using the NanoDrop 1000 spectrophotometer (Thermo Scientific, Wilmington, DE, USA). Extracted RNA was then amplified and labeled using the Agilent Low-Input QuickAmp labeling kit (5190-2306, Agilent technologies, Wilmington, DE, USA) according to the manufacturer's instructions. Purity and fluorescent intensity of the amplified and labeled cRNA was assessed using the NanoDrop 1000 spectrophotometer (Thermo Scientific, Wilmington, DE, USA): all samples had a yield of 825 ng cRNA and a specific activity of 8.0 pmol Cy3 or Cy5 per mg cRNA. The fluorescently labeled cRNAs were hybridized using the Agilent gene expression hybridization kit (5188-5242, Agilent technologies, Wilmington, DE, USA). Briefly, 825 ng cyanine 3-labeled, linearly amplified cRNA was mixed with 825 ng cyanine 5-labeled, linearly amplified cRNA. The mix was loaded onto the Agilent's Mouse GE 4 9 44 K v2 Microarrays (Agilent Microarray Design ID 026655) following a reference design. Hybridization proceeded in a hybridization oven set to 65°C for 17 h. Then, the slides were washed in solutions I, II, and III (Agilent technologies, Wilmington, DE, USA) and air-dried.
Slides were scanned immediately after washing using the Agilent Microarray Scanner (G2505 B, Agilent technologies, Wilmington, DE, USA), and spot identification and quantification were performed using Agilent Feature Extraction Software 10.7 (Agilent technologies, Wilmington, DE, USA). The complete formatted dataset was deposited as Gene Expression Omnibus accession GSE59661, which can be accessed at http://www.ncbi.nlm.nih.gov/geo/.
Ratios were filtered in accordance with their variability among the eight comparisons, and genes with high variability were removed from the analysis. Statistical analyses were performed using the free R 2.1 software (http://www. r-project.org). The log ratio between experimental and control samples was analyzed with Student's t test to detect differentially expressed genes, and probability values were adjusted using the Bonferroni correction for multiple testing at 1 % to eliminate false positives. Genes selected by these criteria are referred to as ''differentially expressed genes''.
To validate microarray data, real-time quantitative PCR was performed on the same RNA sample for a subset of genes identified as differentially expressed (IGFBP2, FABP4, CCL5, FBLN7, RBP7). High-Capacity cDNA Reverse Transcription Kit (Applied Biosystems, CA, USA) was used to reverse transcribe RNA to cDNA. The primers were identified using Primer Express software (Applied Biosystems, CA, USA) (Supporting Information, Table  S1 ). The qRT-PCR was carried out on Applied Biosystems Prism 7900HT system using the Power SYBR Green PCR Master Mix kit (Applied Biosystems, CA, USA). After an initial denaturation of 10 min at 95°C, a two-step cycling conditions were as follows: 15-s denaturation at 95°C and annealing/extension at 60°C for 60 s, cycled 40 times. The expression levels were calculated using the DDCt method (Livak and Schmittgen 2001) .
Gene expression data analysis
Functional enrichment analysis
Functional analysis was performed to identify biological functions and/or diseases that were most significant to our dataset. Right-tailed Fisher's exact test was used to calculate a significant P value for each functional category as referenced in Ingenuity Ò Knowledge Base. Downstream effects analysis is based on the expected causal effects between genes and functions; these expected effects are derived from the literature compiled in the Ingenuity Ò Knowledge Base. The analysis examines genes in the dataset that are known to affect functions, compares the genes' direction of change to expectations derived from the literature, and then issues a prediction for each function based on the direction of change. The direction of change is the gene expression in the DHA group relative to the control group. IPA uses the regulation z-score algorithm to make predictions. The z-score algorithm is designed to reduce the chance that random data will generate significant predictions. When the z-score is positive, IPA predicts that the biological process or disease is trending toward an increase, whereas when the z-score is negative, IPA predicts that the biological process or disease is trending toward a decrease. A z-score C2 or B-2 indicates that the function is statistically significantly increased or decreased.
Canonical pathway analysis
Lists of mRNAs differentially expressed between the control and the DHA groups were uploaded in the IPA tool (Ingenuity Ò Systems, www. ingenuity.com) and analyzed based on the IPA library of canonical pathways. The significance of the association between each list and a canonical pathway was measured by Fisher's exact test. As a result, a p value was obtained, determining the probability that the association between the genes in our dataset and a canonical pathway can be explained by chance alone.
Upstream regulator analysis
The goal of the IPA upstream regulator analysis was to identify the cascade of upstream transcriptional regulators that can explain the observed gene expression changes in the dataset. The upstream regulator analysis is based on prior knowledge of expected effects between transcriptional regulators and their target genes stored in the Ingenuity Ò Knowledge Base. The analysis examines how many known targets of each transcription regulator are present in the user's dataset and also compares their direction of change (i.e., expression in the DHA group relative to the control group) to what is expected from the literature in order to predict likely relevant transcriptional regulators. If the observed direction of change is mostly consistent with a particular activation state of the transcriptional regulator (''activated'' or ''inhibited''), then a prediction is made about that activation state. For each potential transcriptional regulator (''TR''), two statistical measures, an overlap p value and an activation z-score, are computed. The overlap p value calls likely upstream regulators based on significant overlap between dataset genes and known targets regulated by a TR. The activation z-score is used to infer likely activation states of upstream regulators based on comparison with a model that assigns random regulation directions.
Immunohistochemical analysis
Cryosections (10 lM, 4 sections/slides, and 8 mice/group) were performed at the level of aortic root (i.e., the aortic valve from its position at the left ventricular outlet to its junction with the ascending portion of the aorta). After drying for 15 min at room temperature, cryosections were fixed in 70 % ethanol and cold acetone (4°C). After a rapid washing in PBS, sections were then incubated overnight with the primary antibodies: rat anti-mouse Mac3 monoclonal antibody (BD Biosciences, Le Pont de Claix, France) and rabbit anti-mouse ArgI polyclonal antibody (GeneTex, Irvine, CA, USA). The staining was revealed by using fluorescent secondary antibodies: cyanine 3 goat anti-rat IgG (H ? L) for Mac3 (Invitrogen, Cergy Pontoise, France) and fluorescein isothiocyanate (FITC) goat anti-rabbit (GeneTex) for ArgI. Immunostained slides were cover-mounted with Fluoromont G (Southern Biotech, Birmingham, AL, USA). The fluorescence was detected with a Zeiss Axioplan 2 E microscope equipped with the AxioCam MRm camera and the AxioVisionRel.4.8 image capture software. Images were acquired using the EC ''Plan-Neofluar'' 40 9 /0.75 objective of the microscope. Three random fields were analyzed on each section, and the surface of each lesion was delimited based on the staining of Mac3 using the ROI Manager tool in the ImageJ free software (http://rsb.info.nih.gov/ij/). The intensity of each staining (i.e., Mac3 and ArgI) is relative to this delimited surface. Differences between the mean intensities of control and DHA mice were analyzed using a Student's t test and considered significant at p \ 0.05.
Results
Aorta gene expression by microarray analysis
Differentially expressed genes
Overall gene expression profiling of aorta was carried out using microarray analysis in order to determine the major functional targets of DHA at the vascular level and to gain insight into the mechanisms of action underlying anti-atherogenic effects of DHA. As shown in Fig. 1 , among the 24,241 genes (i.e., 39,429 transcripts) represented in the Mouse GR 4 9 44 k v2 microarray, 532 genes were found to be differentially expressed (p \ 0.01) between the control and DHA groups, with 58 % of genes being up-regulated and 42 % being down-regulated by DHA supplementation. Real-time quantitative PCR was performed using same RNA samples on a subset of genes identified as differentially expressed in aorta. For all the genes studied, the expression values were concordant with microarray data (Supporting Information, Figure S1 ).
Functional enrichment and canonical pathway analyses
To better understand which and how biological processes have been affected by differentially regulated mRNAs, functional annotations and canonical pathway analysis were performed in IPA (Fig. 2) determining the 5 biological functions that were most significant to our dataset (Fig. 2a) . Further enrichment analysis on defined (canonical) pathways of IPA knowledge base provided the list of the 5 most significant overrepresented pathways (Fig. 2b) . Interestingly, both types of analyses (i.e., functional annotation and canonical pathways) highlighted the overrepresentation of inflammatory processes and innate immunity. Indeed, 2 of the top 5 biological functions were identified as Hematological System Development and Function and Immune Cell Trafficking, and the top five canonical pathways were all directly or indirectly related to antigen presentation. The Hematological System Development and Function (70 sub-functions) and Immune Cell Trafficking (51 sub-functions) shared most of their subfunctions (i.e., 50 common sub-functions). Moreover, the 14 significantly altered sub-functions (i.e., -2 C z-score C2) were exclusively associated with immune cell movement and, most importantly, exclusively decreased (Table 1 ). The analysis of the genes associated with these sub-functions showed a remarkable number of down-regulated genes related to the inflammatory function of macrophages ( The analysis of the genes associated with the top five canonical pathways (Table 2 ) also supports this indication. Indeed, most genes identified belong to the major histocompatibility complex (i.e., B2 M, CD74, HLA-B, HLA-C, HLA-DQA1, HLA-DRB1, HLA-DQB1, and H2-Q8), which is known to be up-regulated in pro-inflammatory M1 macrophages. These genes together with lipocalin 2 (LCN2, FC = -1.47), another biomarker of M1 macrophage, were also associated with the functional annotation analysis (Supporting Information, Table S2 ).
Upstream regulator analysis
The IPA ''upstream analysis'' was run to identify the cascade of upstream transcriptional regulators that can explain the observed gene expression changes. The upstream regulator analysis is based on prior knowledge of expected effects between transcriptional regulators and their target genes stored in the Ingenuity Ò Knowledge Base. It examines how many known targets of each transcription Table 3 , the analysis of our dataset revealed significant modulations (activation z-score C2 or B-2) of 20 transcriptional regulators, 7 being activated (Table 3A) and 13 being inhibited (Table 3B) . Interestingly, the activated transcriptional regulators were mostly related to the peroxisome proliferator-activated receptors (PPARs)-dependent signaling pathways with PPARc being the most significant activated upstream regulator associated with our dataset (z-score = 2.367, p = 1.50 9 10 -13 ). Concerning the inhibited upstream regulators, they include several members of the interferon (INF) family with INFc being the most significant inhibited regulator (z-score = -2.797, p = 2.81 9 10 -14 ). The well-known inflammatory regulator nuclear factor-kappa B (NFjB) was also significantly associated with our dataset (z-score = -2.360, p = 6.32 9 10 -9 ). It should be noticed that PPARc, INFc, and NFjB are three main transcriptional regulators involved in macrophage polarization. Moreover, the analysis of the targets of these 3 most significantly modulated upstream regulators (Fig. 4 and Supporting Information ,  Table S3 ) reveals that almost all the macrophage polarization biomarkers (except F13A1) previously identified (i.e., CCL5, CCR7, FABP4, LCN2, B2 M, CD74, HLA-DQA1, HLA-DRB1, and HLA-DQB1) are directly or indirectly regulated by PPARc, INFc, and/or NFjB. Most of the genes involved in cell-to-cell interaction ion our dataset (i.e., PECAM1, SELP, CX3CL1, and NCAM1) also belong to the list of the target genes of INFc and NFjB.
Immunohistological analysis of atherosclerotic lesions
We have previously shown that DHA supplementation reduced plaque extent (-35 %, p \ 0.001) in aortic root cryosections from these LDLR -/-mice (Gladine et al. 2014) . This is consistent with the representations of plaque size reported in Fig. 5a (top 2 pictures) showing smaller plaques in the DHA group in comparison with the control group. The immunofluorescent analysis aimed to get further insights into the impact of DHA on plaque composition, notably regarding macrophage infiltration and phenotype. Two biomarkers, namely Mac3 and ArgI, were selected to identify macrophages (Mac3 ? ) and reparative M2 macrophages (ArgI ? ), respectively. Intensities of staining calculated for each marker (Fig. 5b, c) are relative to the lesion surface as delimited by the Mac3 staining.
Concerning macrophages infiltration in the lesion (Mac3 ? cells), the overall surface stained was higher in control mice (Fig. 5a , middle 2 pictures), which is consistent with their larger lesions in comparison with DHA mice. However, when calculating the staining intensity relative to the lesion surface, it should be noted that DHA supplementation was associated with a higher macrophage intensity in the lesion (?130 %, p = 0.01) in comparison with control mice (Fig. 5b) . But, interestingly, when looking at the macrophages subtype as determined by the distinct expression of the arginase I isoform (Fig. 5a , 2 bottom pictures), lesions of DHA-supplemented mice were characterized by a higher intensity of type M2 macrophages (ArgI ? cells, ?175 %, p = 0.001) (Fig. 5c ). Overall, these results suggest that lesion of mice given DHA was rich in macrophages but these macrophages were mainly oriented toward a M2 reparative phenotype which reinforced the interpretation of the gene expression data.
Discussion
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a IPA downstream effects analysis identifies functions that are expected to increase or decrease, given the observed gene expression changes the experimental dataset. Downstream effects analysis is based on the expected causal effects between genes and functions; the expected causal effects are derived from the literature compiled in the Ingenuity Ò Knowledge Base. The analysis examines genes in the dataset that are known to affect functions, compares the genes' direction of change to expectations derived from the literature, and then issues a prediction for each function based on the direction of change. IPA uses the regulation z-score algorithm to make predictions. The z-score algorithm is designed to reduce the chance that random data will generate significant predictions. A negative z-score B-2 means that the sub-function is statistically significantly decreased identification of specific macrophages biomarkers, our results show for the first time that 1) DHA supplementation during atherogenesis is associated with protective modulations of inflammation and innate immunity within aorta, and 2) DHA induced changes in the expression of several referenced biomarkers of macrophage polarization, suggesting a preferential orientation of plaque macrophages toward a M2 reparative phenotype.
Molecular targets of LCx3-PUFA at the vascular level have been poorly investigated so far and using exclusively targeted approaches (Matsumoto et al. 2008) , which is open to criticism knowing the broad spectrum of action of LCx3-PUFA and/or their metabolites (Jump et al. 2012) . The present nutrigenomic study shows that pathways related to inflammation and innate immunity at the vascular level are favorably influenced by DHA. This is consistent with the well-known anti-inflammatory properties of LCx3-PUFA (Calder 2012 ) and a transcriptomic study conducted on human blood cells reporting that DHA suppressed the effects of LPS on the expression of genes related to immune defense and inflammatory response (Dawson et al. 2012) . Most importantly, our study allowed the identification of several genomic targets of DHA within aorta. These notably include CCL5, CCR7, and FN1, three mediators of inflammation-promoting immune cells or fibroblasts recruitment to inflammatory sites including atherosclerotic plaques (Eriksson 2004; Keophiphath et al. 2010; Moore et al. 2013) . Indeed, CCL5, also known as RANTES, is a chemokine secreted by fibroblasts, platelets, and monocytes/macrophages triggering monocytes arrests in atherosclerotic arteries (Huo et al. 2000; Eriksson 2004 ). The role of CCR7 in atherogenesis is more controversial since CCR7 knockout experiments showed both atherosclerosis regression (Luchtefeld et al. 2010 ) and progression (Wan et al. 2013) . Nevertheless, CCR7 is crucially involved in several fundamental processes shaping the structural and functional organization of the adaptive immune system (Forster et al. 1999) . Therefore, the decreased abundance of CCR7 mRNA induced by DHA supplementation may reflect a moderation of the adaptive immune system, which could be beneficial in the condition of advanced atherosclerotic plaque. Fibronectin (FN1) is a glycoprotein of the extracellular matrix produced by different cell types including activated macrophages and playing a chemoattractant role (Tsukamoto et al. 1981) . These three (Calder 2013) , which is probably one of the primary anti-atherosclerotic actions of DHA at the vascular level.
Another set of genes of interest related to cell-to-cell interaction were also associated with DHA supplementation in our model. These include the adhesion molecules ICAM2, SELP, PECAM1, the transmembrane chemokine CX3CL1 as well as the extracellular protein THBS2 that were all down-regulated in the aorta of DHA-supplemented mice. These proteins are produced by endothelial cells, monocytes/macrophages, and/or platelets (Jaffe et al. 1985) and contribute to monocyte adhesion to endothelial cell, a critical step in the initiation and progression of atherosclerosis (Galkina and Ley 2007; Zernecke et al. 2008) . Whereas these specific proteins have not been all identified previously, several in vitro and ex vivo experiments have reported decreased expression of adhesion molecules on the surface of monocytes, macrophages, or endothelial cells following exposure to LC-x3PUFAs (De Caterina et al. 1994; Weber et al. 1995; Collie-Duguid and Wahle 1996; Hughes et al. 1996; Miles et al. 2000) . Finally, many down-regulated genes overrepresented in our dataset belong to the major histocompatibility complex class II (i.e., HLA-DQA1, HLA-DRB1, and HLA-DQB1). Molecules from the major histocompatibility complex class II (MHC-II) play a critical role in the induction of immune responses by presenting peptides of foreign antigens to CD4 ? T lymphocytes, which results in their activation and proliferation (Reith and Mach 2001) . A very tight regulation of MHC-II gene expression is thus crucial for the control of the immune response. This is particularly important in atherogenesis, which is characterized by overreactive immune responses. Down-regulation of MHC-II molecules by DHA has never been reported at the vascular level before but the group of Hughes reported similar effects in isolated human monocytes exposed to LC-x3PUFAs (Hughes and Pinder 2000) , and several animal studies have shown that LC-x3PUFAs can inhibit the expression of Ia molecules, the murine equivalent of human MHC-II molecules, at the surface of isolated macrophages (Kelley et al. 1985; Mosquera et al. 1990; Huang et al. 1992) . The inhibition of antigen-presenting function is not expected in host defense but it could be beneficial during atherogenesis by contributing to the resolution of inflammation within the lesion. It should be noticed that wild-type control mice were not included in the present study. It is therefore possible that some of the observed effects are dependent on the antiatherogenic effects of DHA and would probably not be present in wild-type control mice. However, these latter mice do not develop atherosclerosis and the associated inflammatory processes under any circumstance or diets. Macrophages can represent up to 60 % of atheromata mass (Pello et al. 2011) , and the importance of macrophage phenotype modulation in atherosclerosis is now well recognized (Mantovani et al. 2009 ). Indeed, functional heterogeneity and plasticity is a hallmark of macrophages that can have both pro-and anti-inflammatory properties, as they orchestrate the initiation but also the resolution phases of inflammation. Both M1-pro-inflammatory and M2-reperative macrophages have been identified within atherosclerotic lesion (Bouhlel et al. 2007 ), whereas it is important to keep in mind that these two extreme phenotypes as well as intermediate phenotypes and their associated biomarkers can be detected simultaneously in vivo. Interestingly, the present transcriptomic The upstream regulator analysis is based on prior knowledge of expected effects between transcriptional regulators and their target genes stored in the Ingenuity Ò Knowledge Base. For each upstream regulator, the p value of overlap calls likely upstream regulators based on significant overlap between dataset genes and known targets regulated by a transcriptional regulator. The activation z-score is used to infer likely activation states of upstream regulators based on comparison with a model that assigns random regulation directions analysis of aortic gene expression together with the analysis of macrophage phenotype within aortic root suggests that DHA supplementation may induce a preferential orientation of plaque macrophage toward a M2-like reparative phenotype. Indeed, aorta of DHA-supplemented mice showed a reduced mRNA abundance of several recognized biomarkers of M1 pro-inflammatory macrophages (i.e., CCL5, CCR7, and molecules of the MHC-II as well as LCN2) and an increased mRNA abundance of two M2 biomarkers, namely FABP4 and F13A1 (Mantovani et al. 2004; Martinez et al. 2006; Benoit et al. 2008) . These genomic results are consistent with the higher abundance of Arginase I protein isoform, a specific biomarker of M2 murine macrophages (Khallou-Laschet et al. 2010) . Moreover, the upstream regulators the most significantly associated with our dataset included PPARc, INFc as well as NFjB. These are three main transcriptional regulators of macrophage polarization (Lawrence and Natoli 2011) involved in the regulation of expression of most biomarkers reported above. Finally, our results obtained at the vascular level are consistent with the previous findings reported within adipose tissue macrophages showing a switch in macrophage polarization toward an M2-like phenotype in mice supplemented with DHA (Oh et al. 2010; Titos et al. 2011) . Interestingly, resolvin D1, a lipid mediator arising from the lipooxigenase-dependent oxidation of DHA (Serhan et al. 2008) , was suggested to be a key player of this polarization switch (Titos et al. 2011 ). The study of Oh et al. also suggested that the effect of DHA on macrophage polarization could be mediated by the G-protein-coupled receptor GPR120 (Oh et al. 2010) .
In conclusion, the findings of the present study show that oral supplementation with DHA during atherogenesis is associated with substantial modulation of gene expression at the vascular level. These highlighted a main influence of DHA on the pathways related to inflammation and innate immunity, which could be mediated by a preferential orientation of plaque macrophages toward a M2-like reparative phenotype. These new data provide a more thorough The intensity of each staining is relative to the lesion surface; b Intensity of staining of macrophages (Mac3) relative to lesion surface in control and DHA-supplemented mice; c Intensity of staining of type M2 macrophages (ArgI) relative to lesion surface in control and DHA-supplemented mice. Student's t tests were performed to compare the intensity of staining relative to the lesion surface between the control (n = 8, 3 random fields/plaque) and the DHA mice (n = 8, 3 random fields/section), **p \ 0.01
